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AMEBAS:* THEIR CULTIVATION AND ETIOLOGICAL 
SIGNIFICANCE.f 

W. E. MUSGRAVE AND MoSES T. ClEGG. 
{From the Government Biological Laboratory, Manila.) 

INTRODUCTION. 

The cultivation of amebas,;}: while a subject of the greatest 
importance, has never excited a very general interest, especially 
in America; and, although there is an extended literature on the 
subject, it is scattered over a long period of time and unfortunately 
some of the earlier writings deal with work not performed with 
proper care. 

This early and unsatisfactory work accounts partly for the 
small amount of attention which the more careful articles of 
recent times have received, and materially adds to the responsi- 
bility of those who now take up the subject. Some of the con- 
fusion and doubt which exist in regard to cultivation and etiology 
is also due to the fact that a number of those who have grown 
amebas have, although insufficient data were at hand, devoted 
much time to a discussion of the biology and classification of the 
parasites. 

The controversy relative to the etiological significance of these 
parasites in human disease has been active almost since the time 
of the very important observations of Losch, and, to judge from 
much of the recent literature, is still far from being decided. 
Any attempts at the solution of these problems must take this 
doubt into consideration, and every detail of the subject must 
therefore be made clear. 

In this paper we have purposely avoided a detailed discussion 
of the life cycle, the classification, and other strictly biological 
questions regarding amebas, but instead have taken up their cul- 
tivation from various sources, including the dysenteric intestine, 

* The authors have followed Borland's Dictionary in spelling. 
t Received for publication Dec. 3, 1904. 

I A full and detailed account of our experiments together with the bibliography is 
given in Bulletin 18 (1904) of this laboratory. 
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and have proved their etiological role by animal experiment with 
cultures of diverse origin, and have shown that at least some 
amebas are pathogenic. Certain of these pathogenic ones are 
found in places which indicate methods for the prevention of the 
infection, a consideration which is of great importance to us in 
the Philippine Islands. 

DISTRIBUTION. 

Amebas are widely distributed in nature. They have been 
isolated from soil (both surface and deep), from marshes, thermal 
springs, rivers, lakes, sea water, air, dust, dried grass, fruits, vege- 
tables, and many other substances. Amebas are also present in 
the intestinal canal of many animals. They have been reported 
in the frog, chicken, pigeon, lamb, calf, rabbit, dog, horse, and 
monkey. In human beings amebas have been found in the 
stomach, intestine, liver, bladder, vagina, urine, necrotic bone, 
tartar of the mouth, and in gangrenous wounds associated with 

liver abscesses. 

CULITIVATION. 

Desultory attempts at the cultivation of amebas have been 
going on for some years. In practically all of the successful ones 
the amebas have been grown in the presence of bacteria. We 
have repeated the work of the principal experimenters along this 
line, but usually with negative or unsatisfactory results, so far as 
the cultivation of amebas from the intestine is concerned. 

A large variety of media, both fluid and solid, may be used 
for the cultivation of amebas from water, hay, soil, etc., but for 
the cultivation of amebas that have been passed through the ali- 
mentary canal of man and other animals the choice is not great. 
As a stock medium we have come to use the following, prepared 
in the same manner as ordinary agar: 

Agar - - - - 20 grams 

Sodium chloride - .3 to .5 grams 

Extract of beef - - .3 to .5 grams 

to the litre of finished product. 

This is most satisfactory with one per cent normal alkalinity 
to phenolphthalein. As autoclaving the media increases the 
acidity it will usually be necessary to start with an initial alka- 
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Unity of 1.5 per cent. Variations from this stock medinm, con- 
sisting in the use of a still smaller amount of sodium chloride 
and beef extract, or in leaving out the salt entirely, will some- 
times be found advantageous, especially when the amebas are 
growing in company with a luxuriant saprophytic bacterium. On 
the other hand, a small quantity of peptone sometimes improves 
the medium when a delicately growing bacterium is being used. 

The isolation and cultivation of amebas from water and most 
external sources is usually quite easy. To do this, place 100 to 
500 c.c. of the water, aqueous solution or suspension of the sub- 
stance to be examined, in a sterile flask and to each 100 c.c. of 
this sample add one-half to one c.c. of broth of a one per cent 
normal alkalinity, and set aside for one to three days. The 
amebas, if present, collect at the surface of the fluid. Thence 
they may be transferred by a platinum loop to agar plates. Bac- 
teria in suflicient number to ensure the growth of the amebas are 
usually transferred with them. In the course of six to 48 hours, 
by an examination with the low power of a microscope, amebas 
can be seen and transfers can be made. 

In attempting to cultivate amebas from feces a preliminary 
examination to determine the presence or absence of these 
organisms is important. This examination is always facilitated 
by giving the patient a saline carthartic and examining the fluid 
portion of the stools. The carthartic flushes out the entire colon, 
increases the number of the parasites in the stool, and thus ren- 
ders the examination easier and the results more reliable. The 
diagnosis should never be made upon non- motile forms. Resting 
and encysted forms may ordinarily be diagnosed with reasonable 
certainty, but mistakes are occasionally made. 

We have never cultivated amebas from the stools by flrst 
inoculating them into fluid media of any kind. We have occa- 
sionally secured growths by lightly smearing the surface of agar 
plates with material selected from feces. In these cases other 
organisms were probably carried over in sufficient numbers to 
nourish the amebas. The percentage of successes may be in- 
creased if the surfaces of several plates are previously smeared 
with pure cultures of various bacteria known to favor the growth 



Amebas: Cultivation and Etiological Significance 337 

of amebas. By using 12 different selected bacteria in this way we 
have succeeded in obtaining growth in 30 per cent of one series 
of cases, where control inoculation made on the same medium but 
without bacteria showed only two per cent of growths. 

Where these means fail, growth may sometimes be secured by 
first plating out the bacteria from the stool that is being examined, 
and then inoculating them in pure culture upon a series of plates 
before smearing with the amebas. By this method we have suc- 
ceeded in cultivating the amebas in about 60 per cent of the 
cases where all other methods had failed. At times we have cul- 
tivated amebas from stools in which they were not microscopically 
demonstrable . 

The first plates from the stools or from intestinal ulcers must 
be watched frequently and carefully under the microscope, in 
order that transfers from them may be made as soon as the 
amebas develop. Unless these transfers are promptly made, the 
amebas die. In certain cases in which the amebas resisted culti- 
vation growth has been obtained only after causing them. to encyst. 
After the amebas have become accustomed to the artificial media 
there is usually less trouble in their growth. 

Many attempts have been made to grow amebas in the absence 
of bacteria. In order to eliminate the bacteria, heat, filtration, 
negative geotropism, animal inoculation, and the use of disin- 
fectants and special media have been tried. Few if any of these 
attempts have proved successful, and even in those cases in which 
the parasite was supposed to have been satisfactorily isolated, 
development did not take place when transplants were made. 

Tsujitani^ obtained amebas in pure cultures with cholera 
vibrios and then destroyed the latter by heat. The encysted 
amebas transplanted to sterile media became active but did not 
multiply until transferred to living or to killed cultures of 
bacteria. 

The only environment in which amebas are found to be 
apparently free from bacteria is that furnished by certain 
culturally bacteria-free liver abscesses. If these abscesses in 
reality do not contain other organisms, it probably proves that 

1 Centralbl. f. BaU„ 1898, Abth. 1, 24, p. 666. 
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there are substances other than those furnished by micro- 
organisms that are capable of nourishing amebas under certain 
conditions. We advance the theory that these substances are 
probably enzymes. All attempts to obtain pure cultures by 
reproducing artificially a condition similar to that in the bacteria- 
free liver abcess have failed. We have employed many methods, 
including those of other workers, as well as a considerable variety 
which have not been described, but always with negative or 
doubtful results. 

Satisfactory pure cultures of amebas have not yet been 
obtained, and the work of all recent authors as well as our own 
seems to point to the impossibility of such a procedure. A 
symbiotic microorganism seems indispensable for the nourishment 
of these protozoa. 

To cultivate a single species of ameba, transplantation of a 
single individual is usually necessary. To do this an agar plate 
with well distributed parasites is placed, open side up, on the 
microscope stage. With the low power an ameba is selected that 
is distant one or more fields from any other, and a clean, perfectly 
dry, high power lens is swung in place. This is lowered until its 
entire surface is in contact with the medium and then raised 
quickly. If the ameba has been picked up, the lens is removed 
and gently rubbed on the surface of a second plate. One may 
sometimes obtain by this method a pure culture of amebas in 
symbiosis with a pure bacterial culture. 

To cultivate a single species of ameba with a pure bacterial 
culture, the following routine has been developed in our work. 
It is based upon principles maintained by Beyerinck,^ Mouton,^ 
and others. By means of a platinum loop, several concentric 
rings, of a pure culture of the bacteria with which the amebas are 
to be grown, are drawn upon the surface of an agar plate, and a small 
smear of the amebas is inoculated in the middle of the inner ring. 
In from 24 to 72 hours the amebas will have passed outward across 
one or more of the rings. In crossing the rings they lose the 
organisms with which they started and take up those forming the 

1 Centrabl.f. BaU., 1896, Abth. 1, 19, p. 257. 

2 Ann. de Vinst. Pasteur, 1902, 16, p. 457. 
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rings. It sometimes happens that they appear in pure culture 
with the desired organism at the circumference of the first plate, 
but generally one or more transfers to similarly prepared plates 
are necessary, the amebas being taken each time from outside the 
largest ring and inoculated within the smallest ring of the next 
plate. 

By this method the symbiotic value of the bacteria forming 
the rings may be determined as the behavior of the amebas varies 
according to their liking or antipathy for the bacteria forming 
the rings. If the amebas are attracted by the bacteria, they cross 
the rings quickly. If there is a slight antipathy for the bacteria 
the amebas are delayed. If this antipathy is greater, they refuse 
to cross the ring, and if it is very great, they encyst upon coming 
up to it. 

When it is desired to transfer amebas from a highly satis- 
factory symbiotic bacterium to one that is less satisfactory, it is 
often convenient first to grow the amebas upon a mixed culture of 
the two organisms, before isolating them with the' desired 
bacterium. When the two organisms differ greatly in the 
profusion and rapidity of their growth, the nutriment in the 
media may be varied or the rings of the delicately growing 
organism may be allowed to grow 24 to 48 hours before inocu- 
lating the amebas in the centre of the plate. 

Amebas show a selective action for certain bacteria. If plates 
are made from a substance in which amebas are multiplying, and 
the various bacteria are isolated in pure culture, it will be found 
that the amebas will multiply profusely with some, will grow 
indifferently well with others, while with certain ones no growth 
whatever will occur. This selectiveness varies with different 
amebas. After cultivating certain amebas for three months we 
attempted to grow them upon 18 stock cultures of bacteria. One 
ameba grew well on 16 and poorly on 2 cultures. A second 
grew well on 11, poorly on 6, and not at all on 1. While a third 
ameba grew well on only 1, poorly on 11, and not at all on 6. 

Amebas from the human intestine and other parts of the ani- 
mal body are particularly selective, and cultivation from these 
sources is difficult, and this difficulty tends to become progress- 
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ively greater the longer the amebas remain in the animal body. 
On the other hand, amebas from external sources, as a rule, show 
very little selectiveness, and can usually be grown with a large 
variety of organisms. This selectiveness can be increased or 
decreased to almost any extent at will. It is increased by 
repeatedly passing the amebas through the animal organism, and 
is decreased by prolonged cultivation on artificial media. This 
last method, however, may increase to some extent the selective- 
ness of the amebas recently isolated from external sources. 

In passing amebas through the animal body, not only do they 
become more selective, but they acquire a resistance to culture. 
For example : amebas isolated from tap water grow with a large 
number of organisms at first. If they are isolated with one 
variety of microorganism and injected into an animal, an abcess 
usually follows. As a rule, amebas from the abscess may be 
grown with the organism introduced. But if the contents of the 
abscess, or cultures from it, are introduced into a second animal, 
growth from this animal becomes more difficult and may fail. 
This difficulty increases with successive animal inoculations, until 
finally the cultivation of amebas on artificial media may become 
impossible with the means at command. 

Satisfactory symbiotic bacteria include a large number of 
pathogenic and non-pathogenic organisms. We have devoted 
especial attention to the colon group, and it is with this class that 
we have had most success in procuring primary amebic cultures 
from feces. We have found that organisms which are apparently 
identical culturally may give different results as symbiotics. For 
example, bacillus 1650 6, belonging to the colon group and iso- 
lated from a dysenteric stool, has given us abundant growths 
where plates, inoculated with organisms indistinguishable from 
it morphologically or culturally, have failed. We have also been 
successful with Spr. cholerae and several other vibrios. Staph, 
pyogenes aureus, B. typhosus, and many unidentified organisms 
from normal and dysenteric intestines, liver abscesses, air and 
water. One of these, a yellow pigment producing saprophyte 
frequently isolated from air and water, has been very useful in 
animal experiments, since it is easily recognized and is non- 
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pathogenic for animals as well as man. Other investigators have 
cultivated amebas npon yeast (Beyerinck), acetic bacteria, B. pyo- 
cyaneous, B. rubra, non-sporing bacilli from garden earth, and 
other bacteria. 

The appearance of the amebas in cultures is dependent upon 
the organism with which they are symbiotic. There are usually 
no appreciable differences between cultures of amebas from dif- 
ferent sources when they are grown with the same organism. 
Amebas do not colonize or pile up on each other, and they remain 
upon the surface of cultures. 

The course taken by amebas when inoculated in the center of 
fresh plates is interesting. The amebas move rapidly away from 
the center, and at first may distance the bacteria. In general 
the course of the amebas is away from the bacterial masses. The 
bacteria follow closely, catch up, and. pass the amebas when they 
slacken. Again the amebas forge ahead, only to slacken their 
speed and be overtaken by the bacteria.. Finally the amebas lag 
behind and become encysted. When active amebas are found on 
the margins of a plate, the center may be occupied by encysted 
amebas. 

When the amebas of a culture become encysted, no further 
development takes place until they are transferred to fresh media. 
These transfers may be successful from one week to at least seven 
months after encystment takes place. 

The round or encysted stage is rare among amebas in their 
natural fluid environment, and only slightly more frequent in 
fluid culture of artificial preparation. Encystment may be 
brought about by changing the reaction of the media from neutral 
or slightly alkaline to slightly acid, by increasing the nutrition, 
causing the bacteria to grow more profusely, or by the action of 
cold, heat, or chemicals. 

The morphology of amebas in cultures varies with the age of 
the parasite, the life cycle, the density of the media, and other 
factors. Even when taken in the same stage (preferably the 
round or encysted stage) the measurements of cultures from a 
dysenteric intestine may vary from 4 to 40 /^t. Cysts from a 
single organism apparently vary greatly. After further work the 
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morphology may become an important point in difiPerentiating 
species, bnt at the present time no value can be attached to it. 

For staining permanent preparations of amebas from cultures, 
Wright's modification of the Romanowsky method is the most 
satisfactory we have yet used. 

The means of nutrition of amebas are undetermined. Amebas 
engulf red blood cells, bacteria, yeast, and other granular mate- 
rial, but it is doubtful if these serve as food. The process of 
digestion has never been followed out. On the other hand, 
amebas have been seen to discharge these cells, apparently in a 
normal condition, after the latter have remained within the pro- 
toplasm for some time. In cultures amebas may often be seen 
to discharge all the granular material and foreign bodies which 
they contain just before entering the encysted stage. 

REACTIONS OP AMEBAS TO VARIOUS AGENTS. 

The reaction of amebas to physical agents has been the sub- 
ject of much study. Celli and Fiocca^ found that cultures of 
amebas resisted drying 11 to 15 months, while Miller^ concluded 
that some amebas could withstand drying for six years. Our own 
experiments are incomplete, but we have found that different 
amebas show different susceptibilities to this agent. 

The optimum temperature for the cultivation of amebas is 20 '^ 
to 28° 0. All of our amebas grew profusely at room tempera- 
ture, slowly in the ice box, and poorly in the incubator. We 
have been unable to verify the statement that amebas always lose 
their mobility at or below 75° F. It is certainly not true in the 
case of cultures. The maximum temperature varies considerably 
with different organisms. Encysted culture two months old 
resisted 60° C. for one hour. Others were killed under similar 
conditions. The minimum temperature also varies with different 
amebas. Some encysted cultures have been exposed to —12° C. 
for 45 days and then grew on transplantation. 

Sunlight inhibits the growth of amebas ; X-rays exert an un- 
favorable influence on them ; and the action of fluorescence causes 
their encystment and death. 

1 Centralb. f. Bakt, 1894, 15, p. 470. 2 jMd., 1894, 16, p. 273. 
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Of the chemical agents acting upon amebas quinine is the 
most important. If a young slant culture of amebas is washed 
with a solution of quinine hydrochlorate of a strength of one to 
2,500, the amebas quickly encyst and die. The resistance of 
amebas to alkalies is phenomenal. Three c.c. of ^^^- KOH can be 
added to 10 c.c. of neutral media without preventing their growth. 
Acid, however, readily kills most amebas. Nevertheless some are 
capable of multiplying in a medium which is more acid than the 
secretion of the normal human stomach. 

We have investigated the action of sera and blood upon ame- 
bas. An emulsion of amebas in pure culture with Spr. cholerae 
was treated with an equal volume of serum possessing a high 
agglutinating power for the latter organism. The bacteria were 
very promptly agglutinated. Some amebas became round in a 
few minutes, others remained active and grew on transplants. A 
dog received frequent subcutaneous and intraperitoneal injections 
of amebas and B. coli. After two weeks the serum had no 
destructive action on the amebas, which grew on plates smeared 
with the serum. This experiment was repeated with other organ- 
isms, with the same result. 

Human blood or serum, added in small amounts to fluid cul- 
ture of an ameba isolated from water caused encystment. Cultures 
of the same organism on being reclaimed from a liver abscess 
were not so susceptible to the action of the blood or serum. This 
susceptibility may be lessened still further by cultivating the 
amebas on media to which gradually increasing amounts of blood 
or serum are added. 

The amebas we have cultivated from external sources and from 
the animal organism have been very similar. We judge, however, 
that there is more than one variety, as we have noted unusual 
features in two amebas from the amebic colon and in one from 
the city water supply. If the existence of more than one variety 
is fully determined, the first ameba shown to comply with Koch's 
laws should retain the name Ameba coli. 

ETIOLOGICAL SIGNIFICANCE 
The etiological importance of the amebas in the intestinal and 
other infections with which they have been associated has been 
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much debated since the report of Losch^ in 1S75. This investi- 
gator and others who found amebas in dysenteric stools, believed 
they were the cause of amebic dysentery. Then came the re- 
ports of the discovery by Cunningham,^ Grassi,^ and others, of 
amebas in the stools of healthy persons, and of those suffering 
from other diseases. The conclusion drawn was that amebas 
probably had nothing to do with the production of the dysentery. 
The discussion has never been fully settled. The views that have 
been advocated may be briefly discussed under four headings: 

1) Amebas are harmless commensals. 

2) Amebas intensify or alter lesions already present in the 
intestine. 

3) There are pathogenic and non- pathogenic amebas. 

4) All amebas are, or may become, pathogenic. 

The first view, that amebas are harmless commensals, has had 
many supporters. These claim that amebas are found in the 
stools of healthy persons. A critical review of the literature, how- 
ever, does not show conclusively that these individuals were 
healthy. Most of the reported observations have been determined 
from single examinations, unconfirmed by the subsequent histories 
of the patients, and probably none of the cases have been fol- 
lowed long enough. Furthermore, the intestine should not be 
pronounced healthy at autopsy because no obvious lesions are 
present, for there is a preulcerative stage in intestinal amebiasis 
which can be detected only microscopically. Celli and Fiocca re- 
port the presence of amebas in three boys in Alexandria and say 
there was no subsequent history of bowel trouble, but they do not 
give the period during which these observations were continued. 
One of Strong and Musgrave's* patients remained well for three 
months and then passed from observation, but this period was too 
short to show that the bowel was healthy or that the amebas were 
harmless. We have found that the maximum period of incuba- 
tion is over five months. 

The remarkable latency of this disease was well shown in an 
examination we made of 300 miscellaneous prisoners. Amebas 

1 Virchow's Archiv, 1875, 65, p. 196. 

2 Qy,ar. Jour, of Micr. ScL, 1881, 21, p. 234. 3 Qaz. Med. Ital. Lomh., 1879, 5, p. 451. 
^Annual Report of the Surgeon General, U. S. Army, 1900, p. 251. 
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were found in the stools of 101 of them. Of these 61 were suffer- 
ing with dysentery, but the other 40 gave no history of past or 
present diarrhea. During the next two months, 8 of the 40 
died, and each had amebic lesions in the intestine. Of the re- 
maining 32, 15 others developed dysentery, while 17 remained 
under observation. During the next six weeks 2 of the 17 were 
discharged, and the remaining 15 developed diarrhea. 

Finally, even if we admit, a point unproved as yet, that amebas 
may be transiently present in the normal colon, or even that they 
may propagate there, it is not proof that they are harmless. This 
would leave natural immunity, the influence of environment, and 
other factors out of consideration. 

The supporters of this view also claim that amebas are some- 
times present in the intestinal contents of persons suffering from 
other diseases. In looking over the literature on this point one 
is struck with three facts: 1) That nearly all of the diseases with 
which the amebas were associated involved the colon. 2) That 
most of the observations were made in places where amebic dys- 
entery was endemic. 3) That postmortem observations were 
rarely made. We have given particular attention to intestinal 
amebiasis for a number of years in a country where it is endemic. 
While we have repeatedly found amebiasis associated with a 
variety of other diseases, we have not found in such observations 
evidence of the harmlessness of amebas. In a number of cases 
where amebiasis was associated with cholera and typhoid fever, 
and in one case of colitis, secondary to carcinoma, the diagnosis 
of a double infection was established at autopsy. 

The second view, that amebas intensify or alter lesions already 
present, is based upon the finding of amebas in lesions of well 
recognized etiology; for example, tuberculous ulcers. We can 
confirm this. In a recent autopsy there were ulcers resembling 
those of amebiasis, but microscopical and histological study of 
sections showed the presence of a double infection. Double in- 
fections of amebas with diseases producing ulceration of the colon, 
as typhoid fever, Bright's disease, etc., are not infrequent. 

A less tangible argument is the one that amebas are frequently 
present in the normal intestine and do no harm until "cold," 



346 W. E. MusGKAVE and Moses T. Clegg 

indigestion, diarrhea, etc., change the colon and enable the 
amebas to assume a pathogenic role. If amebas are ever present 
in the normal intestine, this may be true in some cases, as these 
conditions facilitate the propagation of parasites that reach the 
intestine during such a time. But there is little to indicate that it 
is more universally true with amebas than with many other etio- 
logical agents. 

The third view, that there are both pathogenic and non- 
pathogenic amebas, usually rests upon supposed differences in 
morphology and in animal experiments, but this distinction has 
always been recognized as difficult. In general, the larger 
amebas, some containing red blood cells, have been considered 
pathogenic and have been termed Amebae dysenteriae. The 
smaller species are said not to contain red blood cells, show other 
morphological differences, are considered non-pathogenic, and are 
quite generally designated Amebae coli. 

Our work has convinced us that the size and other morpho- 
logical appearances of amebas have little if any relation to their 
pathogenicity. Some of the most persistent and even fatal cases 
of dysentery may show amebas of not over 10 to 20 /x in diameter 
in the stools during life and in the intestinal ulcers postmortem. 
On the other hand, very large amebas may appear in some of the 
cases most amenable to treatment and in fatal cases which show 
the smallest amount of ulceration. In some typical cases of 
amebiasis, repeated examination of the amebas in the stools failed 
to reveal blood inclusions. The presence of such cells may 
merely indicate degeneration of the ameba. In cultures, young 
active amebas are quite select in their diet, and among other 
substances avoid red blood cells. But as degeneration sets in, 
less selectiveness in choice of food is manifested and the proto- 
plasm takes up whatever is within reach. 

Animal experiments have also been used to differentiate the 
pathogenic from the non-pathogenic amebas. But the results of 
these experiments are so contradictory, even when made with 
stools known to be dysenteric, that conclusions drawn from them 
are unwarranted. 

We do not deny that there are pathogenic and non-pathogenic 
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varieties of amebas, but we do desire to say that thus far the 
existence of such varieties has not been proved, nor are we as yet 
able to settle the question. Our work has shown, however, that 
amebas cultivated from various sources, including the dysenteric 
intestine, the Manila water supply, lettuce, etc., have proved 
pathogenic under certain conditions. 

The fourth view, that all amebas are, or may become, patho- 
genic leaves much to be explained by natural immunity and other 
conditions, but it is the only safe hypothesis to adopt in the 
Tropics. In a country where the parasites are found everywhere 
it must be true that they are taken daily into the gastrointestinal 
tract by large numbers of persons. If all amebas are pathogenic, 
why do we not have more amebic dysentery? If all amebas are 
not pathogenic, why do we not find them more frequently in the 
normal intestine ? We have never followed a case indicating that 
non-pathogenic amebas were propagating in the human intestine, 
and we are sure such cases are rare in the Philippine Islands, and 
yet the larger part of the population takes in thousands of amebas 
every day. For we have had no dijEculty in cultivating amebas 
from the very water they use and in producing dysentery in 
monkeys with the cultures. If both kinds exist, the number of 
non-pathogenic ones capable of resisting the stomach acids and 
multiplying permanently in the intestine are very few in com- 
parison with the number of pathogenic ones capable of resisting 
the same influences and foand associated with the lesions of a 
pathogenic entity. 

ANIMAL EXPERIMENTS. 

Our experiments with cultures of amebas on animals have 
been quite convincing as to the etiological role of some amebas. 
These results have been particularly satisfactory with monkeys. 
Nothing definite has been gained by working with cats, dogs, and 
other animals. Even with monkeys infections have not been 
constant, and the lesions produced in them, while satisfactory, 
have not been so extensive as those usually seen at necropsy in 
man. Otherwise the specimens obtained have had the macro- 
scopic appearance of amebic infection, and the parasites have 
always appeared in the contents of their intestines. A study of 
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sections from the colon has confirmed the nature of the infection 
in each instance. In a pneumonia epidemic we were able to 
study the early lesions of amebiasis in man, and these resembled 
the lesions in our experimental animals so closely that we are all 
the more certain of the results of the latter. 

Most animals inoculated had been under observation 10 to 30 
days. The incubation period in these monkeys was rather long, 
usually about four weeks, but it was considerably shortened in 
those that received intra-abdominally, cultures of bacteria that in 
themselves would cause illness without death. In some cases the 
onset was rather sudden with severe diarrhea, which continued 
almost unabated until death, but as in the case with man, it more 
often started as an intermittent diarrhea which became more 
severe with each exacerbation. Some monkeys developed 
diarrhea, but later recovered. Recovery also occasionally takes 
place in the naturally contracted disease in man. We have seen 
four such cases, including one unacclimated Caucasian and three 
natives. The diagnosis in these cases was unquestioned, no 
treatment was instituted, and a year has elapsed since there were 
amebas in the stools or clinical evidence of the disease. The 
other symptoms in monkeys resembled those in man. Anemia and 
emaciation were constant and appeared early. 

In order to secure fresh necropsies, most of our animals were 
killed, rather than allowed to die, when it appeared that an 
animal would not live until the following day. 

Of more than 100 monkeys kept in the same room with the 
animals inoculated and under identical surroundings, only three 
were found with amebic dysentery and two of these were kept in 
cages beside the experimental animals. 

The results in our experiments were obtained by using old 
encysted cultures of amebas. We have had no success with cul- 
tures of young motile amebas. The amebas used had been isolated 
from several different sources, some from dysenteric stools, others 
from the city water and from the wash-waters of vegetables. In 
some cases the dysentery was produced by a single species of 
amebas in symbiosis at one time with Spr. cholerae and at another 
with an absolutely non-pathogenic saprophyte, with no appreciable 
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difference in the results. In some cases the symbiotic organism 
introduced was reclaimed, in others all attempts to isolate it failed. 
Some of our experiments may be briefly summarized as follows: 

In five cases cultures of amebas were fed to the monkeys. They were 
introduced through the stomach tube in two cases, once they were given with 
a high enema, and once the cecum was opened and the cultures placed within 
it. In all of these cases diarrhea developed. Ulcers were found at necropsy 
in more than half of the cases. 

In four cases cultures were inoculated subcutaneously. Abscesses devel- 
oped at the point of inoculation in three of these. In the fourth case an 
abscess containing amebas was found in the lung. Amebas were present in 
three abscesses and they were cultivated from two of them. 

Intra-abdominal injections were made in four cases. In only one of them 
did the intestine show lesions. Abscesses developed at the point of inocula- 
tion in two cases, and the fourth case was negative. 

In three cases injections were made into the liver. In two of these 
amebic abscesses formed in the liver, and from one of them the amebas were 
cultivated. In the third case, the monkey was first rendered actively immune 
to Spr. cholerae before making the injection of the amebas in symbiosis with 
a pure culture of Spr. cholerae. At necropsy the liver was normal and 
neither the amebas nor the Spr. cholerae could be cultivated from it. 

We made one experiment upon a human being. A healthy 
man was kept under observation for ten days, during which time 
his stools were repeatedly examined microscopically and culturally 
after the administration of cathartics, but no amebas were found. 
The man then ingested three ordinary gelatin capsules which 
contained scrapings from a three week old culture of an ameba 
isolated from a dysenteric stool. This culture was growing in 
symbiosis with a non-pathogenic bacterium. 

Twelve days later there was a slight diarrhea and amebas 
appeared in the stool. A mild intermittent diarrhea continued 
until the 20th day, when some tenesemus was complained of and 
the stool contained considerable mucus and a small amount of 
blood in addition to a large number of amebas, some of which 
enclosed red blood cells. This evidence was considered sufficient 
to establish the diagnosis, and the patient was placed under 
treatment. Both the ameba and the bacillus introduced were 
reclaimed by culture on the day after the development of the 
diarrhea. 

While the evidence now at hand does not warrant us in con- 
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eluding that all amebas are pathogenic, still all the known facts 
about the infection are compatible with this theory. 

EXPLANATION OF PLATE 12. (Photomicrographs by Martin.) 

1. A plate culture showing the spread of amebas and bacteria. The 
amebas are seen as white spots in the margins and points of the more 
homogeneous bacterial growth. The peculiar character of the spread of the 
combined growth is due to the wanderings of the amebas and the growth 
of the bacteria carried along by them. A 24-hour plate culture of ameba 
11524 in symbiosis with B. coli. (Zeiss obj. AA, ocular No. 4 ; bellows 30 c.c.) 

2. An eight-day old plate culture, showing the agglomeration of amebas 
sometimes seen in cultures. The amebas are all in the round stage. Same 
enlarg(3ment as Fig. 1. 

3. A cover-glass impression from two 24-hour old plate cultures of ameba 
11524, stained by the Wright-Romanowsky method. X 9(X). 

4. A cover-glass impression from a 24-hour old plate culture of ameba 
11524 in symbiosis with bacillus 12935, stained by the Wright-Romanowsky 
method. The nucleus and the so-called spores and vacuoles are distinctly 
shown, as is also a granular sppearance of some of the so-called spores. 
X2000. 



PLATE 12. 






